Among the manifold organic components of the animal organism three long-recognized types of compounds are admittedly outstanding in importance. These are, of course, the so-called proximate principles: the proteins, the carbohydrates and the fats. They are almost ubiquitous in their distribution among the various tissues and fluids of the body. It is a noteworthy biological fact that a marked fixity of chemical composition characterizes some of these body components regardless of the nature of the precursors in the food from which they may have been derived. Thus the outstanding carbohydrates of animals are the polysaccharide glycogen and its derivative sugar, glucose. These are, in so far as is known at present, the same in all animal species; and they cannot be altered, even by very marked variations in the diet. The proteins of the organism likewise exhibit certain remarkable constancies in chemical character. There are, it is true, recognizable differences in the proteins derived from different organs, tissues or fluids. The proteins of connective tissues, muscle cells, glandular epithelium and blood are widely unlike in their fundamental composition, molecular structure and physicochemical behavior; but the individual proteins of the muscles or the blood, for example, exhibit a chemical and biological specificity of an extreme sort.
The organic chemist would probably find it quite impossible to distinguish between the serum albumin of the dog and that of the horse-two species of quite different dietary habits-though refined biological tests reveal subtle species distinctions that may be expressions of differences in structural configuration in the substances involved. Most of the body proteins yield the amino acid glycine as part of their structure. When benzoic acid is fed it combines with glycine in the body to form the readily eliminated hippuric acid.
It might be expected that liberal dosage with benzoic acid would deplete the organism of a characteristic "structural unit", but efforts to alter the body proteins in this way have invariably failed. The proteins of each tissue remain specific and unchanging. It may safely be predicted that the chemist cannot distinguish between the comparable proteins of the carnivorous Arctic Eskimo and of the strictest vegetarian of India.
The story of the body fats, on the other hand, is decidedly different. Fatty substances occur to some extent in various cells and tissues, where they seem to represent a fairly constant and characteristic component, persisting there regardless of the state of nutrition of the animal. Hence, compounds of the fatty acids have often been regarded, and probably with justification, as essential components of the protoplasm, "indispensably built into the most intimate organization of the living cell, and forming part of the machine no less than the proteins themselves". (Leathes and Raper, (I925) p. 200.) Larger amounts of true fats tend, however, to be segregated in connective tissues of a special sort, becoming familiarly conspicuous in certain regions of the body. The adipose tissues, often consisting of fats to the extent of 90 per cent or more, seem to serve as depots or reserve stores of these compounds. The fats found there consist almost entirely of glycerides of palmitic, stearic and oleic acids, along with smaller proportions of esters of a few other fatty acids. Unlike the uniform carbohydrate store represented by glycogen, the composition of the adipose tissue varies considerably. Not only are there marked variations among the depot fat mixtures of unlike species, but even within the same species noteworthy differences between individuals frequently occur. Different samples of lard or beef suet are not always identical in chemical composition. (Table i) It becomes improbable, therefore, that the fats of the organism are always merely synthesized de novo; otherwise, we should expect them to be more uniform in character.
A striking illustration of the large economic significance of such facts in practical animal production is presented by the meat industry, in which important distinctions are made between "firm" hogs and "soft" or "oily" hogs. They form the basis of a nation-wide problem commonly referred to as the "soft pork" problem. A government report has noted that:
The undesirable characteristics of the products from soft and oily hogs place them at a disadvantage on the market, resulting in live-hog price discriminations. Thus it is apparent that the soft-pork problem concerns a number of classes of people, including producers, packers, dealer's, and consumers. The firmness of a hog carcass or its products depends almost entirely on the firmness of the fat. Thus the softpork problem is fundamentally a problem in fat metabolism. The variations in the firmness of the fat are due to the differences in its composition. The soft fat contains a higher amount of unsaturated fatty acids than the hard fat. (Hankins and Ellis, (1926) The glycerides of unsaturated fatty acids may be approximately 30 per cent more abundant in "soft" fat than in "hard" fat, as is shown in Table 2 . The influence of food on the iodine value of the fat is further clearly illustrated by the statement made by Rosenfeld that the fat of Polynesians, living chiefly on cocoa nuts, resembled somewhat cocoa nut oil, whereas the fat obtained from an Eskimo had the iodine value 79-thus showing the influence of the blubber oil taken in the food. (Lewkowitsch, (1914) (Yamakawa, Nomura and Fujinaga, I929) have reported the disappearance of very fine emulsions of animal oils and lecithin introduced slowly per rectum into persons ill with gastric disorders. They believe that the disappearance of the fat amounting to 8o per cent or more of that introduced, was not due to either bacterial decomposition or the passage of the fat upward through the ileocecal valve into the small intestine where digestion and absorption normally take place. Comparable observations on animals have led these physiologists to assume that absorption has occurred with transport of the fat by way of the lymph stream. They believe that the failure of earlier workers to secure noteworthy absorption of fats as such from the lower bowel has been due to the failure to employ sufficiently fine emulsions in the tests.
The preponderance of evidence today, however, favors belief in the necessity of digestive change for the fats before they leave the lumen of the bowel. Thus has been established the truth of the dictum "the cells of the body never know the food that we eat". Hence, from the biochemist's standpoint, the metabolic processes are primarily concerned not with proteins, starches, sucrose, lactose, fats and the like, but rather with amino acids, hexoses and fatty acids. The last, however, differ from the others in that they are transported not as such but in the form of glycerides. Furthermore, their absorption is facilitated by the solvent action of the bile; for the most part at least they reach the systemic circulation through the thoracic lymphatic duct rather than by way of the portal vein.
The intake of fat that can be tolerated as a part of the human diet has been estimated by Langworthy (I923) as follows:
The amount of fat eaten per person per day varied within considerable limits, 50 to 6o g. being regarded as a small quantity per day, and I1o or xi5 g. as a generous amount. Seldom, if ever, was any physiological disturbance noted when smaller amounts were eaten, nor was any observed in the majority of cases when the larger amounts were taken. However, it seems clear that in some cases, because of the nature of the fats themselves or because of unidentified substances accompanying them, they exercised a more or less laxative effect. For instance, this effect was observed when I40 g. of rendered beef suet were eaten per day, and was not noticeable with butter, lard, or mutton fat used in the same series of tests. In the case of olive oil and most of the other oils used, as much as I 16 to 130 g. were eaten per day with no laxative effect. In the case of cocoa butter, however, a decidedly laxative effect accompanied by slight nausea was noted, indicating that the limit of tolerance of this fat is not so high as that of the other oils. A similar effect was also noted with cupuassu fat, which comes from a tree rather closely related to the Theobroma cacao. It is also worth mentioning that a laxative effect was noted when goose fat was eaten in quantity but was not noted with a comparable amount of chicken fat. It seems not unlikely that studies undertaken to explain these observed divergencies would yield very interesting results.
The maximum intake of fat that can easily be tolerated may amount to more than Iooo calories per day, or one-third of the average energy consumption.
The biological significance of the characteristic "Bausteine" which the ingested foods supply to the tissues must in large measure depend, first, on whether any of them are specifically needed for any of the physiological functions; and, second, on whether any of such essential compounds can be synthesized anew by the body so that it can become independent of a possible lack of the indispensable units. Physiologists have long recognized the capacity of animals to synthesize specifically required carbohydrates, such as glucose, glycogen and lactose; also glycerol and some at least of the fatty acids that enter into the composition of body fats. Knoop (I930) has recently remarked the necessity of abandoning the old principle according to which the chemistry of plants and animals could be fundamentally differentiated by the assumption that the plants can assimilate inorganic nitrogen, whereas animals cannot do so. According to the newer studies amino acids can be transformed into ketonic acids and ammonia in the animal body; such reactions are "biologically reversible" so that the capacity to transform the groups of the main foodstuffs into one another becomes conceivable (Knoop, I923) . Thus, Knoop (I 930) writes:
The synthesis of fat from protein or sugar, the amino acids of proteins from carbohydrates, etc., gives to animals a wide independence as to the kind of food which is essential. Without these chemical capabilities a much greater amount of animal life would die continually.
Modern investigation in nutrition has left no doubt, however, that despite the wide latitude of variation in the proportions of the individual groups of foodstuffs that can be tolerated without apparent harm by the higher animals the nitrogenous intake must include the precursors of certain amino acids which evidently cannot be formed in the body. The proteins entering into its composition yield a considerable variety of amino acids, of which 2I are already identified. It is highly important, therefore, to ascertain precisely which of these amino acids can or cannot be synthesized anew by the organism. At the present moment our knowledge regarding the indispensable amino acids may be summarized thus: In approaching the problem of the genesis of body fats from a like standpoint, attention may properly be centered on the fatty acids incorporated for the most part as glycerides in the adipose tissue depots and the foods respectively. Are there fatty acids that are invariably present in the body? If so, must they be supplied preformed? Leathes and Raper (I925) , pointing to the differences in the quality of the fat of animals on different rations, such as barley and maize, remark that:
These differences correspond to differences in the same constants of barley fat and maize fat respectively. Notwithstanding variations of this kind which may be produced in the same species of animal under normal conditions, it is usual to find that the adipose tissue fat of any one species is approximately constant in composition, and has an iodine value that does not vary greatly from a mean value. This being so, it is very probable that this constancy is due more to similarity of diet in a given species than to the svnthesis in the animal of a fat of constant composition. (pp. The fatty acids of the fats most commonly found in the higher animals may be classified as follows: For purposes of discussion let us consider the actual composition of a few products representing the mixture of edible fats as they occur in nature (Table 7) . The history of physiological investigation reveals numerous studies dealing with the problem of the nature, origin and modification of body fat. These have often been reviewed, notably by Rosen- feld (I9o2a) and, in recent years, by Bloor (1922; I923-24; I925) and by Leathes and Raper (I92 5), so that they need not be repeated here. The studies which have been carried out in this laboratory have been designed to attack some of the moot questions; for example, to what extent fats arising in animals through synthetic reactions from carbohydrate or amino acids are uniform in character; and whether food fats are deposited as such, or some of them are subjected to metabolic transformation incident to their becoming "physiologically" established and thereby acquiring new physical and chemical characters. In this work we have been impressed with the experimental difficulties encountered in the past. The early investigations were complicated by dietary variables. Changes from one ration to another-for example, from peanuts to corn and tankage-have frequently involved alterations, sometimes unsuspected changes, in several components of the food intake (Table 8) .
Experiments with isolated foodstuffs also were unsatisfactory so long as dietary essentials such as vitamins remained unrecognized. As Anderson and Mendel ( I928) have pointed out, the development of the science of nutrition has more recently made it possible to plan experimental feeding under conditions in which a single factor can II8 age and also with the fatness of the animal. The differences are, however, not very large in any species-rarely more than I2 iodine units-and they suggest the order of magnitudes that may be regarded as significant of noteworthy changes when variations in the quality of the rations are instituted. The constancy in the values secured in feeding experiments by our methods is, indeed, surprising. The results of a typical series of analyses, among many that we have secured, will illustrate this (Table ii) . The iodine numbers, as well as the refractive indices, of the fats are almost identical in every instance with those of the cottonseed-oil that must have furnished the chief source of the deposited fat. The values are in marked contrast to the constants (iodine numbers 54 to 66) secured with the milk-wheat ration already referred to, and indicate clearly that the diet may profoundly affect the composition of the depot fat. Sinclair (I930) has recently contended that the fat in the diet governs to a very considerable extent the composition of the tissue phospholipids also. At any rate he observed that:
The degree of unsaturation of the phospholipid fatty acids in the liver, heart, kidneys, smooth and skeletal muscle, intestinal mucosa, and probably the brain, is consistently higher when cats are fed on an exclusive diet of beef kidney than when fed on hashed beef muscle. (p. 586)
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Close similarities between the food fat and the body fat by no means always develop. There is, however, a striking tendency toward parallelism in composition, in so far as this is indicated by the iodine numbers, when widely unlike fats are fed. The results of a large number of comparative experiments by Anderson and Mendel (1928) are summarized in the following. The products represented by these analyses may be regarded as essentially synthetic in character and physiologically appropriate for the species. This "physiological fat", therefore, deserves careful investigation. As might be anticipated, proteins, which are well known to yield glucose in their metabolism, also promote the deposition of body fats somewhat resembling in texture those yielded by diets rich in carbohydrates (Table IW) The possibility of the production of fat from protein is quite generally accepted (Lusk, p. 273, I928) . However, as might be anticipated on the basis of feeding practice, as well as upon theoretical considerations, the yields of body fat, when protein forms the conspicuous source thereof, are comparatively small.
In the production of endogenous fats for study the ideal plan calls for a food intake that is completely fat-free. Only under such conditions can it be maintained with certainty that all of the body fat has been formed de novo. However, an adequate ration requires the inclusion of so-called fat-soluble vitamins to avert nutritive disaster and to maintain well-being. Vitamin D can now be supplied in fatfree form through irradiation of ergosterol. Vitamin A must still be furnished in relatively crude mixtures which are likely to contain traces, at least, of fats. The proteins and carbohydrates available for prolonged feeding trials can be secured absolutely fat-free only with some difficulty and much effort. Starch, a component of many rations, is known to include "combined" fats (Taylor and Nelson, I920; Lehrman, I929, I930) . Accordingly, most of the recorded experiments, including our own, have represented at best only approximations to the ideal fat-free diet. It is conceivable, therefore, that the "traces" of fat "impurities" remaining in the conventional experimental rations may have gradually accumulated in the course of long feeding periods so as to give rise to noteworthy "adulterations" of endogenous fat depots, and thus modify their chemical composition. Consequently, serious efforts have been made to avoid such criticisms. In one study (McAmis, Anderson and Mendel, 1929) a specially prepared diet of extremely low fat content was fed to albino rats. Comparatively good, though by no means optimal growth has been recorded for these animals. The best growth, however, was exemplified by those receiving a small inclusion of fat in their diet. Whether this apparent beneficial effect of a small amount of fat is due to its content of vitamin A or other vitamins, or to its action as a vehicle for the fat-soluble vitamins, or whether fat per se is essential remains to be determined. Burr and Burr (1929) have come to the conclusion that certain fatty acids are indispensable to health. They maintain that:
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When rats were reared on a fat-free diet a deficiency disease developed which had not been previously described. This disease is rather specific since the scaly condition of the skin develops while growth is continuing at an approximately normal rate. Later the tail often becomes necrotic and the kidneys degenerate, allowing the passage of blood into the urine. The animals always die at an early age unless fed a curative dose of fat. The fatty acid fraction is the only part of the fat effective in curing or preventing the disease. When a curative dose is fed, the extremely emaciated animals begin to grow and store depot fat. (p. 587) Burr and Burr (1930) Eckstein ( I929) also has studied the fatty acids deposited in rats on diets devoid of preformed fat. He found that the fats obtained when the ration consisted almost entirely of protein were similar to those secured from animals on diets containing the usual amounts of protein and large amounts of carbohydrate, but free of preformed "fat". A definite change in the nature of the fats was obtained as the result of the ingestion of myristic acid, triolein and sodium butyrate.
Some of the unusual types of fat deposits show an interesting chemical "mobility" in response to changes in the regimen. Anderson and Mendel (I928) have pointed out that when a particular type of "soft" body fat has been developed, its chemical make-up can be altered by a change to the "hardening" ration rich in carbohydrate. Such alterations which presumably involved a partial depletion or transformation of the fat reserves are accomplished only slowly. The change from one type of specially produced depot fat to another can be brought about far more rapidly by depleting the fat reserves through brief periods of fasting prior to the change in the dietary. For example, when the fat-producing components of a ration were changed from 6o calories per cent of peanut-oil to equicaloric proportions of carbohydrate, the iodine value at the end of 68 days of feeding-a long period in rat life-was not lower than 65. On the other hand, when a preliminary loss of the fat reserves was brought about by withholding food, the subsequent feeding of the carbohydrate diet both restored the animals to the size of nonfasted rats and led to the deposition of an even "harder" fat-iodine number 55-in the comparatively short space of i 8 days (Table Ii) . The method promises to be of some value in practical animal production (Ellinger, I926;  Anderson, I926). The hog is exceptionally well suited for the study of the general problem of fat formation because of the rapid rate at which the process proceeds and the noticeable effect of small differences in the supply of feed fat at the lower levels of intake. In addition, the supply of fat available for study is always sufficient to meet all needs. (p. 2I 9)
The same investigators (Ellis and Isbell, i926a) have demonstrated that the chemical and physical properties of hog fats are materially influenced by the character of the rations fed. Thus there was a close resemblance in the composition of lards from peanut-and soy-beanfed hogs to the respective plant oils. The fatty acids occurring in all the lards were oleic, linolic, arachidonic, myristic, palmitic and stearic.
Peanut-oil is characterized by its high content of arachidic acid (C2oH4002). Soy-bean-oil contains unusual amounts of linolenic acid (Ci8H3002). Ellis and Isbell (I926a) remarked that:
The feeding of soy beans caused the deposition of small quantities of linolenic acid, while the feeding of peanuts led to the deposition of arachidic acid. The oils of these two feeds have a pronounced effect on the composition of the lard. A greater likeness was noted between peanut oil and 'peanut lard' than between soy bean oil and 'soy bean lard'. The fat formed on a ration of brewers' rice and tankage which contained less than I per cent fat was very hard. The glycerides of oleic, palmitic and stearic acids composed over 97 per cent of the fat. (p. 248) Eckstein (I929a) has demonstrated, however, that the fatty acid radicals occurring in the food intake are by no means always trans-I27 ferred unchanged to the fat depots. Tricaproin is utilized by the rat to form "new fat", and the glycerides of the lower fatty acids of butter-fat (Eckstein, 1930) also may be similarly transformed. This differs from results obtained by feeding material containing the myristyl, oleyl, or linoleyl radicals in that the caproyl radical cannot be detected in the fatty substances isolated from animals ingesting it. Fatty acids of low molecular weight are probably utilized to synthesize saturated fatty acids with a mean molecular weight similar to that of those fatty acids produced from fat-free precursors.
Certain fatty acids seem to be never-failing constituents of the fats present in animal tissues. This statement applies preeminently to palmitic, stearic, and oleic acids. Several investigators report the unfailing presence, though in much smaller proportions, of arachidonic acid. For example, Wesson (I925) found it in all dog tissues examined. Furthermore, he failed to note any considerable exchange in the arachidonic acid content of the tissues of "rats which were deprived of fats, and, in fact, all ether-soluble substances over a considerable period of time".
Similarly, Eckstein (I929) (Reed, Yamaguchi, Anderson and Mendel, I930) . For the purposes of such studies the adipose tissue was removed from six regions arbitrarily selected as likely to disclose any differences that may exist. The localities are indicated in Figure 2 and may be referred to as follows: subcutaneous, perirenal, omental, genital, mesenteric and intermuscular. Dissection of male and female rats to show the location of the fat deposits studied.
It was early apparent from comparisons of the quantities stored in these representative regions that the proportionate distribution of fats therein tends to be surprisingly similar, despite wide differences in the chemical nature of the diet. Table I6 shows the results of observations on both sexes, at three stages of development, on rations in which carbohydrate (cornstarch) and fat ("Crisco") respectively supplied the bulk of the fat pre-I29 cursors. It will be noted that by far the largest fraction of the stored fat was located in every instance in the subcutaneous depots. The latter constituted more than half of the body's yield, the other selected regions each yielding far smaller quantities. In very young animals (rats of 50 gm. body weight) the subcutaneous tissue dominates as a storage depot, with 85 per cent or more of the entire fat concentrated therein. For the larger animals it is convenient to remember that one-half to two-thirds of the fat may be found in the subcutaneous adipose tissue. The accompanying chart affords an even more striking comparison of the approximate identity of location of the fat deposited from the two widely unlike rations em- The same general outcome applies to a series of analyses of fairly comparable animals that had been restricted to a total energy intake of I300 calories. This enabled them to triple their weight (Table  I8) . The requirements here postulated have been realized in our experiments on equicaloric intakes of different food mixtures already referred to. They show the comparative effect of starch as a fat producer contrasted with that of three widely different fats: the hydrogenated fat "Crisco" the harder mutton tallow and the liquid soy-bean-oil. It is a striking fact, repeatedly observed, that abundance of fats in the ration led to decidedly larger storage of fats than did an equicaloric intake of carbohydrate in the form of starch. This outcome has obvious practical implications for animal production. Despite the unlike "degrees of fatness" of the various animals and the circumstance that those receiving the carbohydrate must have synthesized anew most of the deposited fats, the allocation of the material was proportionately similar in each group.
As has already been pointed out, the chemical character of the fat stored is unmistakably modified or determined by the nature of its dietary precursors, so that its iodine number may be varied between such extremes as I23 and 35. In any individual, however, analyses of the fats from the selected depots show a marked similarity in the iodine numbers thereof. The differences between the subcutaneous and perirenal fats, for example, are less, as a rule, than are the variations between the iodine values for any one depot from different animals of the same group (Table I9) . It has been asserted by some investigators that the degree of unsaturation of fats and their consequent texture in some parts of the body is dependent on the temperature of the region, the "softer" fats being located nearer to the exterior surfaces. This has been specially stressed for the hog by Henriques and Hansen (I9OI-02). Our observations on rats, like those of Lummert (i898) on dogs, and of Schirmer (i92i) on rabbits and ducks, fail to substantiate the allegation of any noteworthy differences attributable to the region in which the fat is deposited. It may be that the nature of the protective coverings, such as the presence or absence of a fur coat, has some determining influence. In any event, however, the rat, like the dog, rabbit and duck, exhibits a remarkable constancy in the physical properties of the different depot fats in the individual.
The fat reserves are early drawn upon in times of need. This raises the question as to whether the stress for energy brings about unlike drafts on the various depots. Are there physiologically preferred sources, such as the subcutaneous or the omental deposits? To throw light upon such questions we have studied the effects of various depleting procedures, notably exercise or partial starvation, on the fat depots. By means of suitable apparatus (Figure 3) either voluntary or enforced muscular activity could be promoted and accurately recorded. The upshot of many tests is the conclusion that all of the depots tend to contribute fats during activity uncompensated by adequate food. None is completely depleted before the others are drawn upon for a quota of their reserve energy. The striking effect of exercise in depleting the reserves is shown in Figure 4 . These rats were litter-mate sisters and received the same total amount of food fuel (2570 calories) in a given period. Rat B ran 93 miles during the 70 days of the activity period.
It might be assumed that under the stress of dire need fats which are most easily catabolized will be used first, and that, accordingly, the composition of the residual fat masses in the depots might be materially changed. Apparently this is not the case, except perhaps under conditions of extreme depletion when the residual deposit fat -the element variable-can no longer be effectively separated from the distinctive fatty cellular inclusions-the el6ement constant.
The outstanding experimental findings that have been reviewed here in some detail do not necessarily represent the final story. It is not claimed that they have universal significance. Under pathological conditions, for example, undue accumulations of fats may be found in localities, like the liver, heart or kidneys, that are ordinarily not conspicuous in this respect. The nature and genesis of these unusual deposits has been the subject of prolonged debate. With the growth of knowledge it is becoming increasingly probable that even pathological fat masses may be closely related to the usual physiological deposit fats. The older doctrine of fatty "degeneration" has given way to the more tenable hypothesis of the fatty infiltration of tissues. The location rather than the chemical character of the fats involved represents the foremost feature of the abnormalities. Under the stimulus of pathological changes in cells storage fats may penetrate into the disordered tissues. There they can often actually be identified chemically as translocated substances.
Again, the elaboration of fat that appears in the milk of mammals evidently has a physiological history different from that of depot fat. Thus Petersen, Palmer and Eckles (I929) recently have observed that inasmuch as the fat content of the mammary gland decreases when the animal deposits fat in other tissues, apparently the condi- Little has been said thus far about the actual chemical transformations of fats or their destruction in the organism. Our knowledge thereof remains highly speculative-a long chapter filled with "gaps and guesses". It is hoped that the newer methods just reviewed will at length aid in the attempts to gain insight into the actual chemical operations of the body in relation to fats. The ability to secure fats that have been synthesized from selected precursors and to subject them to extensive analytic investigation represents progress. It should pave the way for further elucidation of the reactions that lead to the genesis, the transformations, and the ultimate destruction of the body's richest source of energy.
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